Introduction

31
Stable isotope analysis of carbon (δ 13 C) is widely used to investigate biogeochemical tracks the longitudinal gradient in δ 13 C-DIC, whereas δ 13 C of terrestrial-based detritus is 43 relatively constant over space (Gray et al., 2011 of algal and terrestrial signature gradients (Rasmussen, 2010) . A better understanding of controls 47 and spatial and temporal patterns of δ 13 C-DIC in rivers would facilitate the use of δ 13 C as a 48 natural tracer. 49 Gas exchange with the atmosphere is one mechanism that might strongly influence δ 13 C-50 DIC in rivers. Exchange of CO 2 between the water and the atmosphere causes fractionation 51 between different carbonate species that is dependent on pH and temperature (Zhang et al., 52 1995). At isotopic equilibrium with the atmosphere, CO 2 (aq) has a lower δ 13 C signature relative 53 to HCO 3 -and CO 3 2-. In streams with neutral to basic pH (dominant in HCO 3 -), this process yields 54 DIC (aq) with a relatively high δ 13 C signature. Other physical processes influencing δ 13 C-DIC in 55 rivers include carbonate mineral weathering and mixing of different water bodies. Carbonate 56 weathering, the formation of HCO 3 -via the dissolution of carbonate minerals, produces DIC with 57 a relatively high δ 13 C signature, reflecting δ 13 C of carbonate rocks (Kendall and Doctor, 2003) . 58 Influx of a water body also can influence δ 13 C-DIC in the recipient system. For example, 59 groundwater is supersaturated in CO 2 (aq) from soil respiration and decomposition of organic 60 matter (Wanninkhof et al., 1990) , and its input lowers δ 13 C-DIC. 61 Biological processes, including heterotrophic respiration, decomposition of organic 62 matter, and algal primary production also cause changes in δ 13 C-DIC. Whereas DIC derived 63 from heterotrophic respiration and decomposition has a low δ 13 C signature, algae preferentially 64 use 12 C over 13 C during photosynthesis, yielding DIC with a high δ 13 C signature (McKenzie, Deviations between δ 13 C-DIC and the δ 13 C signature of DIC at isotopic equilibrium with the 70 atmosphere (Δδ 13 C-DIC) should reveal biological control of δ 13 C-DIC in streams and rivers. 71 Sites from rivers with high algal primary production and low pCO 2 would be expected to be 72 closest to δ 13 C-DIC equilibrium.
73
A number of studies in lotic ecosystems have shown that 2001), making the relative influence of these processes on δ 13 C-DIC difficult to parse out.
91
In addition to having high spatial heterogeneity, rivers are temporally dynamic. were located in Africa (4), Asia (4), Australia (1), Europe (6), North America (7), and South 126 America (9) (Fig. 1 ).
127
The δ 13 C-DIC signature at isotopic equilibrium with the atmosphere, δ 13 C-DIC equilibrium , 128 was calculated from Zhang et al. (1995) using the equations εCO 2(aq) -CO 2(gas) = -0.0049 × T -129 1.31, εHCO 3 --CO 2(gas) = -0.141 × T + 10.78, and εCO 3 --CO 2(gas) = -0.052 × T + 7.22, where T is 130 temperature in °C. We assumed a δ 13 C signature of -7.8 for atmospheric CO 2 (Levin et al. 1987 ).
131
The proportion of each DIC species was then weighted using the equation and St. Lawrence rivers, had δ 13 C-DIC values that were near δ 13 C-DIC equilibrium (Fig. 2 ).
197
However, other sites from lowland rivers, including the Slave and Madeira rivers, had δ 13 C-DIC 198 that was considerably lower than δ 13 C-DIC equilibrium .
199
The GAMM of Δδ 13 C-DIC modeled deviations between δ 13 C-DIC and δ The GAMM of Δδ 13 C-DIC indicated that sites at the lowest and highest elevations were 205 closer to δ 13 C-DIC equilibrium (Fig. 4) . observed values (Fig. 3) . 225 The GAMM of δ 13 C-DIC showed that sites at the lowest and highest elevations tended to 226 have high δ 13 C-DIC values (Fig. 7 ). δ 13 C-DIC values were positively related to river size, as 227 measured by Strahler order (Fig. 5 ). δ 13 C-DIC was related negatively to pCO 2 and positively to 228 DIC (Fig. 7) . Again, the relationship between DIC concentrations and δ 13 C-DIC was nonlinear.
229
There was a positive relationship between DIC and δ 13 C-DIC at low concentrations (0.05 to 0.20 
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